Introduction
The Harkness Viscometer manufactured by Coulter Glass Limited may be used to measure the viscosity of plasma relative to that of waer. The instrument which is immersed in a water bath at 25°measures the time "t" taken for a column of mercury to travel between two electrical contacts as it draws a sample of either water or plasma through a capillary of 0.30 mm. diameter. The relative viscosity of plasma at 25°in centipoise is given by: v=vw/tw x tp, where Vw is 0.8937 centipoise, the viscosity of water at 25°, tw and tp are respectively the times for the mercury column to traverse the distance between the contacts for water and plasma.
Methods:
Before studying the viscosity of plasma the characteristics of the instrument and the samples were observed.
It was found that "t" for 100 a1iquots of distilled water at 25°gave a mean value of 22.45 seconds with a range of 21.71 to 23.19 sec., (mean ±2S.D). To avoid inaccuracies due to protein deposition in the capillary during determinations on plasma, the capillary was washed with 3.6 % saline until "t" water fell within the prescribed limits.
The mean of twenty determinations of relative viscosity of citrated plasma taken from a bottle of blood was 1.42 centipoise (S.D. =±O.02). The viscosity of the citrated plasma was found to fall to 1.39 centipoise after four weeks and 1.35 centipoise after six weeks at 4°C. Heparinised plasma taken from human subjects kept similarly over a five day period. The relative viscosity of citrated plasma was found unaffected by contact for up to three hours with disposable sequestrene or heparinised containers (Stayne Laboratories). The addition of sucrose 200 mg./ 100 ml., glucose 200 mg./IOO mI., urea 100 mg./ 100 ml. to citrated plasma elevated the viscosity 0.02, 0.04 and 0.05 centipoise respectively.
From ambulant clinically normal volunteers, blood was taken with minimal venous occlusion and without venous occulusion and put into sequestrene or heparin disposable tubes. Heparinised plasma with or without occlusion gave a "normal" viscosity of 1.524 centipoise whilst sequestrene samples gave "normals" of 1.490 centipoise without occlusion and 1.500 centipoise with occlusion. For convenience, heparinised samples were used in this study. Light occlusion of the arm with a "Cristalok" armlet or by a blood pressure cuff at 50 mm. mercury caused elevation of the relative viscosity by 0.07 centipoise after ten min. In a mixed clinically stable and normal group of subjects, the mean of the differences between consecutive results was 0.03 centipoise.
One normal individual repeatedly venepunctured, showed a mean of the differences between consecutive readings of 0.02 centipoise. It is suggested that differences between consecutive results in the same patient greater than 0.03 centipoise are clinically significant. In three patients admitted for minor operations there was no significant alteration in plasma viscosity after twelve hours bed rest.
Blood glucose and urea were estimated by AutoAnalyzer, electrolytes by flame photometer, total serum protein by copper sulphate and electrophoresis carried out by cellulose acetate prior to scanning by chromoscan (George, 1965) . The relative plasma viscosity was determined on fifteen diabetic patients admitted with a wide range of complications (Table I) , eight pregnant diabetic women admitted for stabilisation and delivery (Table II) , a group of eleven diabetic out-patients, nine non-diabetic females admitted to hospital for a variety of disorders (Table Ill) and a mixed group of nineteen males and females who during the course of investigation required serum protein estimations (Table IV) .
Results:
The mean relative viscosity on admission of the diabetics with complications was found to be 1.70 centipoise and this fell to 1.67 centipoise by the end of seven days. By comparison, the viscosity of the nine non-diabetic females on admission was 1.68 centipoise and of the 19 males and females requiring serum protein estimation the mean viscosity was 1.71 centipoise. The mean viscosity of the diabetic outpatients was 1.73 centipoise. It would appear therefore that the diabetic patients and those suffering other diseases have an elevated relative viscosity but that of the diabetic tends to be higher when visiting under out-patient conditions or admitted for complications. The fall in viscosity to 1.67 centipoise in the 'complications' group after seven days of admission may be related to control of the process necessitating admission. The figure of 1.63 centipoise in the pregnant diabetics compares very closely to the viscosity of 1.66 centipoise in the non-diabetic pregnant women obtained by Eastham (1965) . In the pregnant diabetic women in this study, a fall to 1.58 centipoise was obtained after six days.
Discussion:
No relationship of relative viscosity to blood glucose, urea or electrolytes was obtained in either the diabetic or non-diabetic subjects. However in a group of chronic diabetic patients ( albumin,~-globulin and all globulin is displayed for the 19 males and females who had serum protein fractions and plasma viscosity determined. It is suggested that these relationships in the 19 patients are of a "periodic nature" but that the data is incomplete. Even though incomplete, the peaks appear to coincide. More determinations on diabetic patients may confirm a similar relationship in this group. The all fraction in the diabetics does have some resemblence to a "periodic" graph.
When the plasma viscosity determined on a heparinised sample was plotted against the Westergren Erythrocyte Sedimentation Rate of the same day for the diabetic and non-diabetic group a "periodic" form was seen.
This "periodic" relationship was not seen if the viscosity was carried out on the plasma separated from the E.S.R. tube.
This "periodic" relationship has been described by Harkness and his colleagues (1946) when comparing viscosity and maximal erythro-eyte sedimentation rate. They found it possible on clinical grounds to divide the plasma viscosity from 1.4 to 2.1 centipoise into 11 zones, zone 1 to 3 being normal, zone 4 a transition, and 5 to 11 pathological. This scheme was of prognostic value in their patients.
It would appear that alterations of greater than 0.03 centipoise in the relative plasma viscosity is clinically significant, that minimal occlusion of the vein for a very short time is of no consequence and that some relationship of a complex nature may exist between relative plasma viscosity and Colorimetry (Reitman and Frankel, 1957) and spectrophotometric (Wroblewski and LaDue, 1955, 1956) methods for the determination of the plasma enzymes, aspartate aminotransferase (SGOT) and alanine aminotransferase (SGPT) have been compared. The spectrophotometric method for SGOT and SGPT was found to be better in several respects. It was more precise (standard error, 5 % compared with 10%) and could be used reliably over a wide range of activity without the need for dilution. Furthermore as the results in each case are expressed in International Units/litre they are comparable. This method has been applied to the analysis of enzymes in both a control group of healthy laboratory workers not taking drugs and a group of 20 tuberculosis patients under treatment with the drugs para-aminosalicylic acid (PAS), ioniazid and streptomycin. Analyses were made weekly on the patients. The normal range for SGOT was 3-11 i.u.jl, and for SGPT was 1.5-6 i.u./I. with a mean ratio of 1.8.
The results obtained on the patients indicate that although at times values for both enzymes exceeded the normal range the rises were only modest. The most sensitive index of toxicity was the change in the SGOT :SGPT ratio. This was most clearly seen when the results were plotted serially. Using this index, a marked drop in the ratio to below 1 was demonstrated in 12 out of the 20 patients. When they were taken off the drug P.A.S. or desensitized the ratio rose to greater than I and the enzymes returned to within the normal range.
Considerable attention has been paid to the relation between SGOT and SGPT in liver disease. De Ritis (1957) examined the ratio SGOT:SGPT and concluded that a ratio less
